N UK Patent Application 


m GB 2 221 482 (1 3,A 

(43) Date of A publication 07.02.1990 


(21) Application No 8829106.7 

(22) Date of filing 14.12.1988 

(30) Pnonty data 

(31) 226893 (32) 01.08.1988 (33) US 


(51) INT CL' 

E21B 33/14 43/10 

(52) UK CL (Edition J) 

E1F FJT FKG 


(56) Documents cited 
None 

(58) Field of search 

UK CL (Edition J) E1F FJT FKG FKU 
INT CL* E21B 


(71) Applicant 

Texas Iron Works Inc 


(Incorporated In the USA - Texas) 


12300 Main Street, Houston, Texas 77235, 
United States of America 




(72) Inventors 

Samuel Fred Baker 
Britt Oliver Braddtck 




(74) Agent and/or Address for Service 
Wilson, Gunn and Ellis 

41-51 Royal Exchange, Cross Street, Manchester, 
M2 7BD, United Kingdom 





(54) Method and apparatus for stage 
cementing a liner In a well bore 
having a casing 

(57) The present invention relates to a 
method and apparatus for cementing a 
liner (L) in a well bore (WB) having a 
casing (C) wherein the liner (L) is 
connected to a running tool and 
includes hanger means (HM) for 
securing the liner (L) to the casing (C) 
in the well bore (WB). The liner (L) 
includes an upper (ULP) and lower 
liner portion (LLP) each having port 
means (71, 71a) therein and means to 
lock the telescoping liner portions 
(ULP, LLP) against relative longitudinal 
movement to prevent premature 
actuation or operation of the port 
means. 

The liner portions provide a 
mechanically actuated port 
arrangement to be employed with first 
(62) and second (60) liner wiper means 
and first (65c) and second pump down 
plug means for cementing above a 
packer on the lower liner portion, or for 
providing dual stage cementing. 
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METHOD AND APPARATUS FOR STAGE CEMENTING 
A LINER IN A WELL BORE HAVING A CASING 

Cementing and stage cementing of tubular members in a well bore 

has heretofore been accomplished by various methods 'and apparatus. 

5 When stage cementing operations have been performed, it has been 

common practice to employ hydraulically operated port collars which 

may be selectively opened and closed hydraulically for discharge of 

cement from the tubular member or liner into the well bore. 

In single stage cementing of liners in well bores where the 

10 cement is discharged out the lower end of the liner and into the well 
bore, it has been common practice to rotate and reciprocate the liner 
both before and during the cementing operation in order to accomplish 
a better cementing result. 

In stage cementing of tubular members in a well bore, such as a 

15 production string, it has been proposed to provide telescoping sec- 
tions in the drill string with port means to enable cement to be 
discharged through the telescoping members and into the drill string. 
Such telescoping members include means to hold the members against 
relative longitudinal movement in one direction, but accommodate free 

20 relative movement the other direction. In addition to the port means 
between the telescoping section, the lower tubular member is provided 
with a lower open end so that cement nay be discharged therethrough 
and into the well bore for cementing the lower telescoping tubular 
section in the well bore. After such operation, the upper tubular 

25 member can be lowered to open the port means for discharging cement 
therethrough and in this stage the upper tubular telescoping member 
can be rotated and reciprocated while the cement is discharged in 
order to obtain a desirable cementing operation. 

Such arrangement is illustrated in patent 4,751,967. 

30 Well bores for producing hydrocarbons, such as oil and gas, are 

seldom, if ever, straight vertical holes in the earth's formation. 
For example, they my actually be in the form of a cork screw, they 
may contain "dog legs" or ledges which project laterally of the well 
bore so that movement of tubular member therethrough, including tubu- 

35 lar members such as liners, may be impeded or restricted. In such 
event, the construction illustrated in the above patent may premature- 
ly open the port means which may cause undesirable results. 



Also, while deviated well bores, those extending at a angle rela- 
tive to the vertical, have been common in drilling of oil and gas 
wells, such procedure is becoming even more common. Well bores which 
are near horizontal, near horizontal or at a high angle of deviation 
are becoming more acceptable. Where a well bore is at horizontal, 
near horizontal or at a high angle of deviation, a greater extent of 
producing formation may be penetrated by the well bore than is 
possible if the well bore is drilled in the customary fashion. 

Also, sore producing formations are more compact or consolidated 
which may impede the flow of hydrocarbons from the formation and it 
may be desirable to seal off the formation from the remainder of the 
well bore without providing cement in the well bore adjacent the 
formation to provide as little resistance as possible to hydrocarbon 
flow. 

The angle of such holes further causes the well pipe and liner 
that is lowered therein to rest on one side of the well bore relative 
to the other and this friction may impede the movement of the pipe so 
that if port means are present between telescoping sections, such port 
means may be prematurely opened, or it may not be as readily known at 
the earth's surface whether the port means is open or closed at a 
particular stage of the operation. 

In addition, the threaded nut means normally employed between a 
mandrel, or running tool member and a liner to secure the liner with 
the running tool while lowering it into position in the well bore is 
rotated by the running tool member or mandrel so as to disconnect the 
threaded nut from the liner so that the running tool may be retrieved. 
In a highly deviated well bore, or in one that is horizontal or 
substantially horizontal, there may be some tendency for the operating 
string that is connected with the running tool to cork screw during 
the release of the connecting nut between the liner and the running 
tool member. In such event, there may be a tendency to rotate the 
operating string, or the running tool member in a manner so as to tend 
to reengage the threaded nut with the liner. 

Further, as previously noted, hydraulically actuated port collars 
have heretofore generally been employed in stage cementing operations. 
Where a packer is employed with a tubular member such as a liner in 
stage cenenting a well bore, the packer is generally hydraulically 



set, the port means is hydraulically opened and hydraulically closed, 
and then hanger means for hanging the liner on the casing in the well 
bore may be hydraulically actuated. Some operators may prefer to 
reduce the number of hydraulic operations conducted in the well bore. 

The present invention provides a method and apparatus for 
overcoming the above objections and problems. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 
including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longitudinal movement to prevent premature actuation or oper- 
ation of the port means. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 
including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longj tudinal movement to prevent premature actuation or oper- 
ation of the port means and wherein hydraulically actuated seal means 
of unique configuration are employed on the setting tool for sealably 
engaging with the liner and such hydraulically actuated seal means 
. mov^sSthere through during the cementing operations that cement the 
liner in position in the well bore. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 
including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longitudinal movement to prevent premature actuation or oper- 
ation of the port means and wherein hydraulically actuated seal means 
of unique configuration are employed on the setting tool for sealably 
engaging with the liner and such hydraulically actuated seal means 
moves therethrough during the cementing operations that cement the 



liner in position in the well bore and wherein the lower liner portion 
includes a hydraulically inflatable packer which may be inflated to 
sealingly engage with the well bore wall to secure the lower liner 
portion in position in the well bore and seal off the portion of the 
well bore therebeneath from the portion of the well bore thereabove. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 
including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longitudinal movement to prevent prema ture actuation or oper- 
ation of the port means and wherein hydiuulically actuated seal means 
of unique configuration are employed on the setting tool for sealably 
engaging with the liner and such hydraulically actuated seal means 
moves therethrough during the cementing operations that cement the 
liner in position in the well bore and wherein the lower liner portion 
includes a hydraulically inflatable packer which may be inflated to 
sealingly engage with the well bore wall to secure the lower liner 
portion in position in the well bore and seal off the portion of the 
well bore therebeneath from the portion of the well bore thereabove 
whereupon the upper liner portion nay be manipulated by the running 
tool and operating string connected therewith to unlock the upper 
liner portion relative to the lower liner portion so that the port 
means in the upper liner portion may communicate with the well bore 
above the packer for discharging cement from the liner into the well 
bore. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in. a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 
including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longitudinal movement to prevent premature actuation or oper- 
ation of the port means and wherein hydraulically actuated seal means 
of unique configuration are employed on the setting tool for sealably 
engaging with the liner and such hydraulically actuated seal means 
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moves therethrough during the cementing operations that cement the 
liner in position in the well bore and wherein the lower liner portion 
includes a hydraulically inflatable packer which may m be inflated to 
sealingly engage with the well bore wall to secure the lower liner 
5 portion in position in the well bore and seal off the portion of the 
well bore therebeneath from the portion of the well bore thereabove 
whereupon the upper liner portion may be manipulated by the running 
tool and operating string connected therewith to unlock the upper 
liner portion relative to the lower liner portion so that the port 

10 means in the upper liner portion may communicate with the well bore 
above the packer for discharging cement from the liner into the well 
bore, the manipulation of the operating string and running tool to 
lock the upper liner portion being accomplished by relative rotation 
between the upper liner portion and the lower liner portion secured in 

15 the well bore. 

Another object of the present invention is to provide a method 
and apparatus for cementing a liner in a well bore having a casing 
wherein the liner is connected to a running tool and includes hanger 
means for securing the liner to the casing in the well bore, the liner 

20 including an upper and lower liner portion each having port means 
therein, and means to lock the telescoping liner portions against 
relative longitudinal movement to prevent premature actuation or oper- 
ation of the port means and wherein hydraulically actuated seal means 
of unique configuration are employed on the setting tool for sealably 

25 engaging with the liner and such hydraulically actuated seal means 
moves therethrough during the cementing operations that cement the 
liner in position in the well bore and wherein the lower liner portion 
includes a hydraulically inflatable packer which may be inflated to 
sealingly engage with the well bore wall to secure the lower liner 

30 portion in position in the well bore and seal off the portion of the 
well bore therebeneath from the portion of the well bore thereabove 
whereupon the upper liner portion may be manipulated by the running 
tool and operating string connected therewith to unlock the upper 
liner portion relative to the lower liner portion so that the port 

35 means in the upper liner portion may communicate with the well bore 
above the packer for discharging cement from the liner into the well 
bore, the manipulation of the operating string and running tool to 
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lock the upper liner portion being accomplished by relative rotation 
between the upper liner portion and the lower liner portion secured in 
the well bore, there being bearing means between the upper and lower 
" liner portions for accommodating relative rotation of the upper liner 
5 portion to the lower liner portion after the lower liner portion has 
been secured in the well. 

A further object of the present invention is to provide a running 
tool for stage cementing a. liner which has upper and lower telescoping 
liner portions with port means therein and cooperating surface means 

10 to releasably lock the liner portions against relative longitudinal 
movement in either direction and thereby avoid premature communication 
with the well bore through the port means in the upper liner portion 
including, a member having a longitudinal bore therethrough, re leas- 
able connecting means for releasably connecting the running tool 

15 irember to the liner to enable the running tool to manipulate and 
disengage the liner portion surface means and open the port means in 
the upper liner portion and also to reengage the liner portion surface 
means and lock the liner portions against relative longitudinal move- 
ment and close the port means in the upper liner portion, inhibiting 

20 means to inhibit premature actuation of said releasable connecting 
means and premature disconnection from the liner, retrievable seal 
means sealing between said running tool member and the liner to accom- 
modate axial movement of said running tool member relative to the 
retrievable seal means while avoiding communication between the inside 

25 and outside of the liner throughout the length of the liner below said 
retrievable seal means and above where cement is discharged from the 
liner into the well bore, the releasable connecting means being in the 
form of threaded nut means thereon and connecting the running tool 
member to the liner, the threaded nut means being disconnec table from 

30 the liner upon relative rotation between the running tool member and 
liner, segmented nut means supported on the running tool member and 
longitudinally spaced relative to the threaded nut means, said 
threaded nut means having surface means engageable with said segmented 
nut means upon disengagement of the threaded nut means from the liner 

35 along with longitudinal movement of said running tool member relative 
to the liner to connect said threaded nut means and segmented nut and 
thereby inhibit reengagement of said threaded nut means with the 
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liner, and hydraulically actuated seal means supported by the running 
tool member for sealing with the liner. 

Yet still a further object of the present invention is to provide 
an apparatus of the foregoing immediate object wherein the inhibiting 
5 means includes groove means in the liner and spring actuated lug means 
on the running tool member for engaging in the groove means to inhibit 
relative rotation between the liner and setting tool member and to 
accommodate co-rotation of the liner and running tool member. 

A further object is to provide means for engaging and retaining a 
10 threaded nut when disconnected from a liner to inhibit the threaded 
nut from reengaging with the liner. 

Other objects and advantages of the present invention will become 
apparent from the drawings and description included herewith. 

Fig. I is a diagramatic view illustrating the apparatus of the 
15 present invention in a well bore having a casing; 

Fig. 2 is similar to Fig. 1 but it illustrates the port means in 
the lower liner portion closed off and the packer inflated; 

Fig. 3 is a view similar to Fig. 2 and illustrates the port means 
in the upper liner portion open for discharge of cement therethrough 
20 into the well bore; 

Fig. 4 is a view similar to Fig. 3 and illustrates the operating 
string and running tool connected therewith manipulated to close the 
port means in the upper liner portion and the banger means actuated to 
secure the liner to the casing in the well bore; 
25 Fig. 5 is a view similar to Fig. 4 but illustrates the connecting 

means between the liner and running tool having been actuated to re- 
lease the running tool and retrieved from the well bore; 

Fig. 6 is a schematic view similar to Fig. 1 showing the appara- 
tus of the present invention in the well bore without a packer; 
30 Fig. 7 is a view similar to Fig. 6 and illustrating the flow of 

cement through the operating string, running tool and liner to be 
discharged through the port means in the lower liner portion into the 
well bore; 

Fig. S is a view illustrating the first plug and wiper means en- 
35 gaged and having sealably moved through the liner behind the cement to 
the position represented and engaged with the catcher in the liner; 

Fig. 9 is a schematic view illustrating the operating string and 
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running tool having been manipulated to open the port means in the 
upper liner portion and illustrating the path of well bore fluid being 
reverse circulated through the upper liner portion port means for 
displacing excess cement from the well bore adjacent the port means; 

Fig. 10 is a schematic view illustrating the second plug and 
wiper means having been moved through the liner to a position adjacent 
the port means in the upper liner portion; 

Fig. 11 is a schematic view illustrating the operating string and 
running tool having been manipulated to disengage from the liner that 
has been hung on the well bore and having been retrieved from the well 
bore; 

Fig. 12 is a sectional view, partly in elevation, illustrating 
the operating string that is connected with the running tool of the 
present invention with a liner surrounding it and the running tool and 
operating string in turn positioned in a casing in a well bore; 

Fig. 13 is a continuation of Fig. 12 and illustrates one form of 
a suitable means to inhibit premature actuation of the releasable 
connecting means that releasably connects the liner with the running 
tool member; 

Fig. 14 is a sectional view on the line 14-14 of Fig. 12 and 
illustrates in greater detail the configuration of the exterior 
surface of the running tool member and the releasable connecting 
means supported thereon for releasably connecting the running tool 
and operating string with the liner; 

Fig. 15 is a continuation of Fig. 13 and illustrates a retriev- 
able seal means for sealing between the running tool member and the 
liner as well as a form of the hanger means that may be employed for 
securing the liner to the casing in the well bore; 

Fig. 16 is a continuation of Fig. 15 and illustrates further 
details of the hanger means; 

Fig. 17 is a continuation of Fig. 16 and illustrates the prefer- 
red arrangement and configuration of the hydraulically actuated seal 
means supported on the running tool member; 

Fig. 18 is a continuation of Fig. 17 and illustrates the bearing 
means between the upper and lower liner portions for accommodating 
relative rotation therebetween as well as the releasable lock means 
that locks the upper and lower liner portions against relative 
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longitudinal movement in either direction and premature actuation of 
the port means in the upper liner portion; 

Fig. 19 is a continuation of Fig. 18 and illustrates the arrange- 
ment of the apparatus when a packer is employed with the lower liner 
5 portion; 

Fig. 20 is a continuation of Fig. 19 and illustrates the lower 
end of the lower liner portion with suitable flow ports or passages 
therein as well as the catcher means for catching the first plug and 
wiper means after it is moved through the liner; and 

10 Figs. 21 and 22 are sectional views illustrating a mechanical 

hanger arrangement which may be employed in lieu of the hydraulically 
actuated banker means shown in Figs. 15 and 16. 

Attention is first directed to Figs. 12-22 inclusive of the 
drawings. The apparatus of the present invention is represented 

15 generally by the letter A and is shown as being received within a 
casing C of a well bore. An operating string represented generally by 
the letters OS which extends from its connection with the running tool 
represented generally by the letters RT to the earth' s surface whereby 
the running tool RT which forms part of the apparatus A may be 

20 manipulated to carry out the function of the apparatus within the well 
bore. 

The running tool RT includes a member M having a longitudinal 
bore B extending therethrough. The apparatus A also includes the 
liner represented at L and the liner L is releasably connected to the 

25 running tool member M by the connection means referred to generally by 
the letters CM. In Fig. 13, one suitable form of inhibiting means 
represented generally by the letters IM are illustrated for inhibiting 
premature actuation of the connection means CM which would effect 
premature release of the running tool RT from the liner L. 

30 In Fig. 15 retrievable seal means represented generally by the 

letters RS, are provided between the member M of the running tool RT 
and the liner l^for sealing therebetween. Also, hanger means 
represented generally by the letters HM are shown in Fig. 15 and the 
upper end of Fig. 16 for securing the liner L to the casing C when 

35 desired. 

In Fig. 17 releasable seal means represented generally by the 
letters RM are illustrated as being supported on the member M of the 
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retrievable tool for effecting a seal with the liner as they move 
therethrough as will be explained in greater detail. 

In Fig. 13 the lower liner portion designated by the letters LLP 
is illustrated as extending upwardly from its lower end shown in Fig. 
20 and designated generally by the letters LE. The lower liner 
portion LLP telescopically receives the upper liner portion referred 
to generally the letters ULP as represented in Fig. 18 of the 
drawings. The upper liner portion of the liner can be considered as 
extending from its lower end LE 1 that is in locked position with the 
upper end portion of the lower liner portion as represented in Fig. 18 
by the letters LP. The upper liner portion extends upwardly and 
surrounds the running tool member M as shown in Figs. 12-18. It 
terminates at its upper end represented generally by the letters UE in 
Fig. 12 of the drawings. 

Where a packer represented generally by the letter P in Fig. 19 
is to be employed, it will be positioned on the lower liner portion 
LLP as shown in Fig. 19. Such packer P is ordinarily of the 
inflatable type so that it can be inflated to- sealingly engage with 
the well bore wall and secure the lower liner portion in position in 
the well bore. 

Referring once again to Fig. 12 suitable means to maintain the 
connecting means CM disengaged from the liner L after it has been 
released from the liner is represented by the letters MM in Fig. 12. 

The operating string OS of course, is provided with a fluid pas- 
sage internally thereof which communicates with the internal bore B of 
the running tool member M. The maintaining means MM includes an 
annular housing 20 which extends longitudinally of and in radially 
spaced relation as represented at 21 relative to the outer surface of 
the running tool member M. The housing 20 is an extension of the 
collar 19 which collar is threadedly engaged with the bearing support 
member 18. Suitable bearing means as illustrated at 17 are supported 
on the bearing support means 13 and engage the adjacent downwardly 
facing surface 16 formed on the member M. Thus, the running tool 
member M is freely rota table relative to bearing support 18 and 
housing 21. 

Foroied internally of collar 19 is longitudinally extending 
annular tapered surface 19a on which rests a segmented nut 19b, the 
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segments of which are supported for resilient expansion and contrac- 
tion by means of the spring 19c engaged therea round. It will be noted 
that the longitudinal extent of the tapered portion 19a and the space 
within 19 receiving the segmented nut 19b is of greater longitudinal 
extent than the longitudinal extent of the segmented nut 19b so that 
it may move longitudinally within collar 19 and thereby expand as it 
is engaged with the connecting means CM to secure the connecting means 
CM therewith and inhibit reconnection of the connecting means with the 
liner L during operation as will be explained. 

It will be noted that the connecting means CM includes surface 
means which are illustrated as being in the form of threads 25 
configured so as to lockingly engage with the segmented nut 19b as 
will be explained. 

The releasable connecting means CM includes threaded nut means 
26, with the upper extended end of threaded nut means having provided 
thereon the surface means 25 above referred to. The threaded nut 
means is supported on a longitudinally extending, non-circular portion 
27 of the running tool member M as represented in Figs. 12 and 14. 
Thus, the running tool member M may be moved longitudinally relative 
to the nut 26, but the nut 26 is co-rota table with the member M for 
disconnecting from the liner L when the running tool member M is 
rotated as will be explained. . • 

The inhibiting means IM which is provided to ititiibit premature 
disconnection of the threaded nut 26 from the liner L may be of any 
suitable foro such as in the form of a shear pin which connects the 
threaded nut with the running tool member M, or it may in the form of 
groove means 29 formed in the upper liner portion and spring urged dog 
means 30 supported on the running tool member M as shown in Fig. 13. 

When the apparatus A is assembled for lowering into the well 
bore, the components thereof will assume the relationship illustrated 
in Figs. 12-20 respectively and in such relationship the running tool 
RT is connected by its member M with the liner L through the nut 25. 
Thus, the entire apparatus A comprising the running tool RT and liner 
L may be rotated and reciprocated by the operating string OS when the 
lcwer liner portion is being cemented in the well bore as explained 
with regard to Figs. 6-11. Such rotation and reciprocation can be 
effected without causing relative longitudinal movement between the 
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upper and lower liner portions which movement might, with prior art 
known to applicant, otherwise open the port means in the upper liner 
portion prematurely and improperly discharge cement into the well bore 
in an undesired sequence. 

The retrievable seal means RS illustrated in Fig. 15 includes an 
annular seal bushing body 32 which is provided with seal means 33 and 
34 on its inner and outer annular surfaces. The seal bushing body 32 
is of suitable size to fit between the running member M and the liner 
L as shown in the drawings. It also includes windows or circumferen- 
tially spaced apertures 36 in which are mounted radially movable dogs 
37, The dogs are supported in each window by suitable means such as 
the pin 38 which fits in the slot 39 extending longitudinally through 
each dog, with the width or diameter of the pin being less than the 
width of the slot, as shown, to accommodate extension of the dogs to 
seat in the annular groove or profile 40 of the liner and shown in 
Fig. 15, and retraction to retract them therefrom when the reduced 
diameter portion 41 of the running tool member M is positioned 
thereadjacent. The seal is maintained in pocz^on shown in Fig. 15 by 
reason of the annular outer surface 41a on the member M which fits 
closely adjacent the inner annular surface of the dogs 37 when in 
extended position as shewn in Fig, 15. To retrieve the seal means, 
the operating string OS and running tool RT are elevated to position 
the seal bushing housing 32 adjacent the smaller diameter portion 41 
of the member M shavn in Fig. 16 to accommodate withdrawal of the 
dogs 37 from the groove 40 in the liner whereby the seal means RS can 
be retrieved from the well bore with the operating string and running 
tool RS at the conclusion of operations. 

Figs. 15 and 16 also show hydraulically actuated hanger means HM 
for securing the liner to the casing C. This includes the conical 
segments 45 on the liner which are adapted to receive the slip 
segments 46 when the slip segments 46 are moved upwardly. The hanger 
means includes spring means 47 to aid in retaining the slip segments 
disengaged from the conical segments 46 during lowering operations in 
the well bore. The slip segments are supported on "tlre"lsngitudihally 
extending members 48 which members are in turn connected to the 
annular member 49 as shewn in Fig. 15. The lower end of annular 
member 49 is received in the longitudinally extending annular recess 
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50 formed in the collar 51 threadedly secured on the member M as shown 
in Fig. 16. Suitable piston means 53 are provided with seals as shown 
for sealably engaging in the longitudinally extending recess 50 
beneath the lower end of the annular member 49, and suitable port 
means 54 are provided in collar 51 for communicating fluid from the 
operating string to act on the piston 53 when it is desired to engage 
the hanger means with the casing to secure the liner thereon. When 
the pressure exceeds the pressure required to shear the shear pin 55, 
the member 49 will move upwardly thereby moving the slip segments 46 
onto the conical surface 45 and secure the liner L to the casing C. 

The releasable seal means RM carried by the member M includes 
second liner wiper means 60 having an annular body designated gener- 
ally at 60a on which are provided longitudinally spaced annular seals 
61 that sealably engage the liner L as shavn. First releasable wiper 
means 62 includes the annular body 62a f having longitudinally spaced 
seal means 61a thereon that sealably engage liner L, as shown. 

It will be noted that the running tool member M extends substan- 
tially completely through the bore of the second wiper means 60 as 
shavn in the drawings. 

The lower end portion of the member M is slotted longitudinally 
at circumferentially spaced positions whereby the end cap member 63 
of body 60 is threadedly engaged by threads 63a thereon and with the 
second wiper annular body 60a. Thus body 60a of sealed wiper means 60 
extends through such slots into the bore of the member M. The end cap 
63 includes the portions 64 that extend through the longitudinal slots 
in the member M and projects inwardly into the bore of the body M. 
The portions 64 which are circumferentially spaced to fit through the 
circumferentially spaced slots in member M are threaded as illustrated 
to provide a means for receiving the second plug means 65 and secure 
such second plug means 65 with the second wiper means body 62 to 
enable them to sealing move through the liner as a unit. The second 
plug means 65 includes annular seals 65b which seal with the operating 
string and running tool as it moves therethrough to sealably land in 
second wiper means 60. The second wiper means 62 is secured to the 
member M by means of the shear pin 68 adjacent the lower end of the 
member M as show in Fig. 17, and is specifically secured by the shear 
pin portion 63a extending through end cap 63 and the portion of 63a 
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extending through member M between the slots in its end portion. 

As noted previously, the member M extends through the second 
wiper means 60 and terminates in overlapping relation with the first . 
wiper means 62 as shown in Fig. 17. This enables the first wiper 
5 means to be releasably secured in the bore of the running tool member 
M on the shear pin 68 and more specifically by that portion of shear 
pin 6S extending through member M and through end cap 62c. Thus, the 
first and second liner wiper means 60 and 62 are secured to the 
running tool member M in substantially the same circumferential 

10 position and at substantially the same transverse position with 
respect to the running tool member. If desired, the first wiper means 
60 could be further secured to the running tool member M at additional 
circumferentially spaced positions and at substantially the same 
transverse positions with respect to the running tool at which said 

15 second wiper means is secured to the running tool to more positively 
assure that a different hydraulic pressure will be required to release 
the first wiper means from that required to release the second wiper 
means. 

Futher, the second wiper means 62, if desired, could be secured 

20 to the member M at its upper end. In this situation, the portion of 
the shear pin 63 extending through the member 63 forming the lower end 
of the upper wiper means would be eliminated so that such shear pin 68 
would extend only through the first wiper mgans upper end as shown and 
the surrounding member M as above described. 

25 Heretofore, substantial difficulty las sometimes been encountered 

where tandem wiper means or tandem wiper plugs have been employed in 
cementing operations because the first wiper means has, so far as 
known to applicant, been secured to an operating string or a running 
tool member M above the snallest internal diameter of the second wiper 

30 means 60. This may cause the first wiper means to hang up or 
malfunction when it is released so that the entire cementing operation 
is adversely affected. In the present invention this is overcome 
because the first wiper means is secured in the internal bore of the 
second wiper means and in the internal bore of the member M below the 

35 smallest internal diameter of the second wiper means and member M. 

It will be noted that the first wiper means 62 is provided with a 
suitable configured surface 62a for sealingly and lockingly receiving 
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therein a first plug means 65c as illustrated in the drawings. The 
first plug means includes annular seals 65d for sealing with the first 
wiper means bore. 

The lower liner portion nay communicate with the well bore by any 
suitable configured port or passage means such as represented at 71 in 
Fig, 20. The upper liner portion is provided with port means 71a as 
shown in the drawings. 

As noted previously, the upper liner portions and lower liner 
portions are telescopically arranged as illustrated in Fig. 18 with 
the upper liner portion being telescopically received within the lower 
liner portion. Suitable seal means as represented at 72 are provided 
for sealing therebetween to inhibit communication through the port 
means 71a in the upper liner portion until the port means 71a is 
exposed to the well bore above the termination 75 of the lower liner 
portion. 

When the lower and upper liner portions are in the relationship 
illustrated in Fig. 18, no relative longitudinal movement may occur 
therebetween in either direction, although they may be rotated 
simultaneously by reason of the groove and dog arrangement 29 and 30 
described previously with regard to Fig. 13. 

Although any suitable means may be employed to lock the lower 
liner wiper portion and upper liner portion against relative longitu- 
dinal movement, it is desired that such arrangement be maintained in 
its simplest form. 

To this end it will be noted that in Fig. 18 the lower liner 
wiper portion is provided with an annular tapered inwardly projecting 
portion 77 adjacent the lower of the upper liner portion. Positioned 
between such inward projection 77 and the lower end of the upper liner 
portion is a segmented nut 78 which is of shorter longitudinal extent 
than the longitudinal extent defined by the inwardly tapered portion 
77 so that the segmented nut 78 may fully move longitudinally a limi- 
ted extent between the upper and lower liner portions when desired. 
The nut 78 is provided with suitable threaded surface 79 for engaging 
with the threaded surface 80 on the lower end of the upper liner 
portion so that the upper liner portion engages with the segmented nut 
as shown in Fig. 18 to lock the lower and upper liner portions against 
relative longitudinal movement. The spring 81 on nut 80 urges the 
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segments of the nut 78 together, but accommodates radial expansion. 

When it is desired to release the upper and lower liner portions 
for relative longitudinal movement, the operating string is rotated 
and since it through the running tool is connected to the liner, the 
upper liner portion rotates when the lower liner portion is restrained 
by the packer P or cement so that the threaded engagement 79 and 80 
may be disengaged to release the upper liner portion for relative 
longitudinal mqvernent by lifting on the operating string and running 
tool. 

Mounted above the inwardly projecting portions 77 and between the 
lower and upper liner portions are suitable bearing race means refer- 
red to generally at 90 and the bearing race is provided with a 
shoulder 91 which, when engaged with the shoulder 92, accommodates 
relative rotation between the disconnected, but telescoped upper and 
lower liner wiper portions. 

If desired, suitable spacers or stabilizers as shown in Fig. 18 
may be provided on the lower liner portion to assist in centralizing 
the liner in a casing in a well bore. 

The packer means V may be of any suitable inflatable type and 
secured on the upper liner portion in any suitable well known manner. 
Intermediate its ends there is formed a port means 94 in the lower 
liner portion, and such port nay include a one-way acting check valve 
represented at 95' when desired. 

Attention is again directed to Figs. 1-5 of the drawings wherein 
in Fig. 1, the apparatus is shown as lowered into position to the well 
bore WB to the desired depth. While the well bore is shown as 
vertical, as previously mentioned the present invention has particular 
utility in connection with highly deviated holes including holes that 
are horizontal or substantially horizontal. 

After the apparatus is positioned as shown in Fig. 1, the first 
plug 65c is dropped into and sealingly engages within the operating 
string so that it may be pumped down the operating string and pumped 
into position so that its threaded surface latches with the surface 
62a of the first wiper means 62. Thereupon, increased pressure -in the 
operating string shears the portion of the shear pin 68 which connects 
the first wiper means 62 to the member M, as previously described, and 
it along with the plug 65c moves downwardly through the liner. The 
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seals 51a sealingly and movingly engage the liner as the first wiper 
and plug move therethrough and the configured surface 61b on the first 
wiper means engages and latches in suitable catcher means- 95 which has 
a surface formed that engages and latches with the surface 61b on the 
5 first plug means. This secures the first plug and wiper means in the 
position shown in Fig. 2 of the drawings so that the passage means 71 
formed in the lower liner portion is blocked off. Further, the 
portion of the well bore formation represented at 99 is sealed off 
from communication with the portion of the well bore WB above the 

10 packer P as shown in Fig. 2. In some circumstances it is found that 
the hydrocarbon producing formations nay be so compact or consolidated 
that it is difficult to obtain the desired flow therefrom and in such 
circumstances it may not be desirable to cement adjacent such 
formations. Thus, it will be noted that only well bore fluid is in 

15 the portion of the well bore 99 1 beneath the packer P when it is 
expanded to seal against the well bore wall as illustrated in Fig. 2 
of the drawings. After the lower liner portion has thus been secured 
in the well bore at the desired elevation, the upper liner portion may 
be nanipulated by the operating string and connected running tool to 

20 rotate it to disengage the threaded surface portion 80 on the upper 
liner portion from the segmented nut 78. When this is accomplished, 
the upper liner portion may be lifted to position the port means 72 
therein above the seal means 72 for communication with the well bore 
for discharging cement through the port means 71 in the upper liner 

25 portion into the well bore WB as shown in Fig. 4. 

Normally, a second plug 65 is then pumped down the operating 
string behind the slug of cement and through the member M and it also 
is provided with seals to sealingly engage with the bore of the opera- 
ting string running tool member M and is provided with a threaded 

30 surface to latch with the surface 64 of the second wiper means 60. 
The surface 64 in the upper wiper means engages the conforming sur- 
faces on the second plug means 65 to lock them together and this 
blocks flow through the operating string so that hydraulic pressure 
shears the balance of the shear pin 68 in the form illustrated in Fig. 

35 17 of the drawings. Second plug 65 and second wiper are sealed toget- 
her and sealingly move through and engage the liner as a unit as they 
move therethrough to the . position represented in Fig. 4. 
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It can be appreciated that the volume of cement to be discharged 
into the well bore is calculated so that the second plug and wiper 
will assume a position adjacent the port means 71 when the proper 
volume has been communicated to the well bore. Further, it will be 
noted that the fluid present in the lower liner portion between the 
second plug and wiper and the first plug and wiper as represented in 
Fig, 4 will also assist in properly positioning the second plug 65 and 
wiper therein. 

After this has been accomplished, the relesable lock means LP can 
be actuated to again secure the upper and lower liner portion against 
relative longitudinal movement by lowering the operating string and 
running tool until the upper liner portion threaded surface 80 engages 
with the threads 79 on the resilient spring loaded nut 78. The nut 78 
will expand as the upper liner portion moves thereinto and will enable 
the threads 79 and 80 to engage. 

After this operation has been completed, the hanger means HM may 
be actuated to move the slip segments 46 up on the conical surfaces 45 
as represented in Figs. 4 and 5 of the drawings. Fluid pressure 
through the port 52 is communicated to the piston 53 which moves the 
lower end of 49 upwardly in the recess 50 to shear the pin 55 thereby 
moving the slip segments 46 up on the conical surface 45 outwardly 
into engagement with the inner surface of the casing. 

After this has been accomplished, the operating string - and 
running tool may then be released from the liner by rotation in a 
right-hand direction to release the threaded nut 26. After the nut 
has been released, the operating string and running tool member M are 
lowered so that the threaded surface 25 on the nut 26 may engage and 
lode with the segmented nut 19b and thereby maintain the threaded nut 
26 disengaged from the liner. As previously noted, in some 
circumstances the pipe may corkscrew or wind up or other pipe movement 
may cause the nut 26 to be automatically reengaged with the liner 
unless it is maintained in a position so as to not be adjacent the 
threads 26a on the liner with which it is normally connected during 
the operation of the apparatus as described hereinabove. When the 
running tool member is lowered, the lower end 20c of the member 20a 
can abut the upper end 26b of the liner and rotation of the member M 
can still be effected since the bearing means 17 permits 20 to remain 
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stationary while the member M is rotated. 

Apparatus A of the present invention can be employed in the two 
stage cementing method and procedure illustrated in Figs. 6-11. It 
includes the components previously described and identified herein and 
again represented generally in the schematic drawings. 

In Fig. 6 the apparatus A is again positioned in the well bore 
with the upper and lower liner portions connected together against 
relative longitudinal movement as previously described. 

In Fig. 7 cement is illustrated as being discharged down through 
the operating string, running tool member and the liner L to be dis- 
charged through the port means 71 in the lower liner portion into the 
well bore TO. A first plug 65c is positioned in the operating string 
at the end or on top of the cement slug therein and is pumped down- 
wardly behind the cement so that it engages with the first liner wiper 
62 as described with regard to Figs. 1-5. The cement is continued to 
be pumped and discharged through the port means 71 in the lower liner 
portion and displaces well bore fluid therein. Since the correct 
volume of cement is known, when the first plug and wiper reach the 
catcher means 95 as shown in Fig. 8, the correct volume desired in the 
well bore between the well bore wall and the lower liner portion will 
be present. In some instances, the amount of cement pumped into the 
well bore between it and the liner will rise above the location of the 
port means in the upper liner portion. The port means 71a in the 
upper liner portion is opened in a manner as previously described by 
rotating the upper liner portion to disengage and unlock it from the 
lower liner portion so that it may be lifted to expose the port 71a in 
the upper liner portion to the well bore above the seal means 72 
between the upper and lower liner portions. Thereupon reverse 
circulation downwardly through the well bore and back into the liner 
through the port means in the upper liner portion may be effected so 
that the excess cement in the well bore from the first stage is washed 
back into the operating string and circulated to the well bore. This 
flow is represented by the arrows 100 in Fig. 9. 

When the desired circulation has been effected, a second volume 
of cenent is placed in the operating string and a second plug 65 is 
placed on top of it or behind it so that it is pumped down the 
operating string, through the member M of the operating tool and the 
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plug 65 engages with the second wiper 60 in a manner as previously 
described with regard to the Figs. 1-5 modification. Thereupon the 
plug and liner wiper seal move simultaneously through the liner to 
sealingly engage therewith. The plug and the wiper reach the position 
5 adjacent the port means in the upper liner shown in Fig. 10, since the 
volume of cement to be discharged is known and fluid in the lower 
liner portion beneath the second plug and seal help to position such 
plug and wiper. When the second plug and wiper reach the position 
represented in Fig. 10, the operating string and running tool member 

10 can be lowered so that the lower and upper liner portions relatch 
against relative longitudinal movement to prevent reopening of the 
upper port means. 

Thereafter the hanger means HM can be actuated as previously 
described to expand the slips 46 upwardly and outwardly on the conical 

15 surfaces to secure or hang the liner in the casing C. 

Where it is desired to employ a mechanical hanger in lieu of a 
hydraulic hanger, the arrangement illustrated in Figs. 21 and 22 can 
be employed. It will be noted that the slip segments 46 and conical 
surfaces 45 are of the same general configuration with the slip 

20 segments 46 being secured on the elongated members 48 that are in turn 
carried by a sleeve member 49. The sleeve member 49 is provided with 
a J-slot 49b as shown and a pin 49c is provided on the member M. Bow 
springs 49d are also carried on the sleeve member 49, and when it is 
desired to set the slips, the pin 49c may be moved from its postition 

25 into the longituidnal portion 49e of the J-slot by lifting the 
operating string and then lowering it. The bow springs 49d restrain 
movement of the sleeve member 49 relative to the member M by their 
f rictionally engaging the inner wall of the casing. This enables the 
slip segments 46 to be moved into position on the cone segments 46 and 

30 hang the liner portions in the casing. 

After the liner portions are relocked which closes port means 
71a, the running tool is rotated by the operating string to disengage 
from the liner and remove from the well bore. 

The foregoing disclosure and description of the invention are il- 

35 lustrative and explanatory thereof, and various changes in size, shape 
and materials as well as in the details of the illustrated construc- 
tion may be made without departing from the spirit of the invention. 
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What is claimed is: 

1. Apparatus for stage cementing a liner in a well bore having a 
casing comprising: 

a liner; 

a running tool including: 

a member having a longitudinal bore therethrough; 
releasable connecting means for releasably connec- 
ting said running tool member to the liner; 
inhibiting means to inhibit premature actuation of 
said releasable connecting means; 
retrievable seal means sealing between said run- 
ning tool member and said liner to accommodate 
axial movement of said running- tool member rela- 
tive to said retrievable seal means while avoiding 
communication between the inside and outside of 
the liner throughout the length of the liner below 
said retrievable seal means and above where cement 
is discharged from the liner into the well bore; 
said liner having longitudinally aligned, telescopically arranged 
upper and lower liner portions with seal means therebetween and port 
means in each of said portions for communicating the interior of the 
liner with the well bore; 

releasable lock means to lock said liner portions against rela- 
tive longitudinal movement and thereby avoid premature communication 
through the port means in said upper liner portion, said releasable 
lock means responsive to relative movement between said liner portions 
to release for accommodating relative longitudinal movement between 
said portions whereby the port means in said upper liner portion may 
communicate with the well bore for discharge of the cement from the 
liner to the well bore; and 

hanger means for securing the liner to the casing in the well 

bore. 

2. The apparatus of claim 1 including bearing means between said 
liner portions to accommodate relative rotation therebetween. 

3. The apparatus of claim 1 wherein said releasable lock means 
is responsive to relative rotation between said liner portions to 
release for accommodating relative longitudinal movement therebetween 
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and is responsive to telescoping movement of said liner portions to 
reengage said re lea sable lock means. 

4. The apparatus of claim 1 including packer means on one of 
said liner portions for sealably engaging the well bore. 

5. The apparatus of claim 1 wherein the releasable connecting 
means includes threaded nut means on said running tool member 
connecting the running tool member to said liner and wherein said 
inhibiting means includes groove means in said liner and spring 
actuated lug means on said running tool member for engaging in said 
groove means to inhibit relative rotation between said liner and 
setting tool member and to accommodate corotation of said liner and 
running tool member. 

6. The apparatus of claim 1 wherein the releasable connecting 
means includes threaded nut means on said running tool member and 
connecting the running tool member to said liner, said threaded nut 
means disconnectable from said liner upon relative rotation between 
said running tool member and liner, segmented nut means supported on 
said running tool member and longitudinally spaced relative to said 
threaded nut means, said threaded nut means having surface means 
engageable with said segmented nut means upon disengagement of said 
threaded nut means from said liner and when said running tool member 
is moved longitudinally relative to said liner to thereby inhibit 
reengagement of said threaded nut means with said liner. 

I . The apparatus of claim 1 includig tandem liner wiper plugs on 
said running tool member. 

8. The apparatus of claim 1 wherein said hanger means is hydra u- 
lically actuated by fluid pressure in the liner. 

9. The apparatus of claim 1 wherein said hanger means is mechan- 
ically actuated by manipulation of said running tool member reLative 
to the liner. 

10. The apparatus of claim 1 including hydraulically actuated 
seal means supported by said running tool member for sealing with the 
liner. 

II. The apparatus of claim 10 wherein said hydraulically 
actuated seal means includes: 

first plug means for effecting a movable seal with said running 
tool as it moves therethrough; 
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first wiper means for effecting a movable seal with the liner as 
it moves therethrough, said first wiper means having means for 
sealably engaging said lower plug means therein whereby said first 
plug and wiper means may be sealably moved through the liner to close 
off communication between the liner and well bore through the port 
means in the lower liner wiper portion; 

second plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

second wiper means for effecting a movable seal with the liner as 
it moves therethrough, said second wiper means having means for 
sealably engaging said second plug means therein whereby said second 
plug and wiper means forms a movable seal with the liner behind the 
cement as it is discharged into the well bore; and 

said second wiper means having a portion extending through the 
running tool and into the bore thereof to receive said second plug 
means for movement of said second wiper and plug means together 
sealably through the liner. 

12. The apparatus of claim 11 wherein said first and second 
wiper means are secured to the running tool member in substantially 
the same circumferential position and at substantially the same 
transverse position with respect to the running tool member. 

13. The apparatus of claim 11 wherein said first and second 
wiper means are secured to the running tool in substantially the same 
circumferential position and at substantially the same transverse 
position with respect to the running tool member, and wherein said 
first wiper means is further secured to the running tool at additional 
circumferentially spaced positions and at substantially the same 
transverse positions with respect to the running tool at which said 
second wiper means is secured to the running tool. 

14. The apparatus of claim 11 wherein said second wiper means is 
secured to said running tool member in longitudinally spaced relation 
to the position at which said first wiper means is secured thereto. 

15. The apparatus of claim 11 including: 

latch means for latching said first plug means with said first 
wiper means against premature separation as said engaged first plug 
and wiper means move through the liner; and 
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means for catching said first wiper means in the liner after it 
is moved the re through . 

16. The apparatus of claim 10 wherein said hydraulically 
actuated seal means includes: 

first plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

first wiper means for effecting a movable seal with the liner as 
it moves therethrough, said first wiper means having means for 
sealably engaging said lower plug means therein whereby said first 
plug and wiper means may be sealably moved through the liner to close 
off communication betveen the liner and well bore through the port 
means in the lower liner wiper portion; 

second plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

second wiper means for effecting a movable seal with the liner as 
it moves therethrough, said second wiper means having means for 
sealably engaging said second plug means therein whereb, said second 
plug and wiper means forms a movable seal with the liner behind the 
cement as it is discharged into the well bore; and 

means for releasably securing said first wiper means to said 
running tool member wherein said running tool member extends through 
said second wiper means and terminates in overlapping relation with 
said first wiper means for releasably securing said first wiper means 
in the bore of said running tool member. 

17. The apparatus of claim 16 wherein said first and second 
wiper means are secured to the running tool member in substantially 
the same circumferential position and at substantially the same 
transverse position with respect to the running tool member. 

18. The apparatus of claim 16 wherein said first and second 
wiper means are secured to the running tool in substantially the same 
circumferential position and at substantially the same transverse 
position with respect to the running tool member, and wherein said 
first wiper means is further secured to the running tool at additional 
circumferentially spaced positions and at substantially the same 
transverse positions with respect to the running tool at which said 
second wiper means is secured to the running tool. 
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19. The apparatus of claim 16 wherein slid second wiper means is 
secured to said running tool member in longitudinally spaced relation 
to the position at which said first wiper means is secured thereto. 

20. A running tool for stage cementing a liner which has upper 
5 and lower telescoping liner portions with port means therein and 

cooperating surface means to releasably lock the liner portions 
against relative longitudinal movement and thereby avoid premature 
conmunication with the well bore through the port means in the upper 
liner portion, said running tool comprising: 

10 a member having a longitudinal bore therethrough; 

releasable connecting means for releasably connecting said 
running tool member to the liner to manipulate and disengage the liner 
portion surface means and open the port means in the upper liner 
portion and also to reengage the liner portion surface means and lock 

15 the liner portions against relative longitudinal movement and close 
the port means in the upper liner portion; 

inhibiting means to inhibit premature actuation of said releas- 
able connecting means; 

retrievable seal means sealing between said running tool member 

20 and the liner to accommodate axial movement of said running tool 
member relative to said retrievable seal means while avoiding communi- 
cation between the inside and outside of the liner throughout the 
length ot the liner below said retrievable seal means and above where 
cement is discharged from the liner into the well bore; 

25 said releasable connecting means including threaded nut means on 

said running tool member and connecting the running tool member to 
said liner, said threaded nut means disconnectable from said liner 
upon relative rotation between said running tool member and liner, 
segmented nut means supported on said running tool member and 

30 longitudinally spaced relative to said threaded nut means, said 
threaded nut means having surface means engageable with said segmented 
nut means upon disengagement of said threaded nut means from said 
liner and when said running tool member is moved longitudinally 
relative to said liner to thereby inhibit reengagement of said 

35 threaded nut means with said liner; and 

hydraulically actuated seal means supported by said running tool 
member for sealing with the liner. 
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21. The apparatus of claim 20 wherein the relea sable connecting 
means includes threaded nut means on said running tool member connect- 
ing the running tool member to said liner and wherein said inhibiting 
means includes groove means in said liner and spring actuated lug 
means on said running tool member for engaging in said groove means to 
inhibit relative rotation between said liner and setting tool member 
and to accommodate corotation of said liner and running tool member. 

22. The apparatus of claim 20 wherein the releasable connecting 
means includes threaded nut means on said running tool member and con- 
necting the running tool member to said liner, said threaded nut means 
disconnectable from said liner upon relative rotation between said 
running tool member and liner, resilently expandable segmented nut 
means supported on said running tool member and longitudinally spaced 
relative to said threaded nut means, said threaded nut means having 
threaded surface means engageable with said segmented nut means upon 
disengagement of said threaded nut means from said liner and when said 
running tool member is moved longitudinally relative to said liner to 
thereby inhibit reengagement of said threaded nut means with said 
liner. 

23. The apparatus of claim 20 wherein said hydraulically 
actuated seal means includes: 

first plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

first wiper means for effecting a movable seal with the liner as 
it moves therethrough, said first wiper means having means for seala- 
bly engaging said first plug means therein whereby said first plug and 
wiper means may be sealably moved through the liner to close off 
communication befcveen the liner and well bore through the port means 
in the first liner wiper portion; 

second plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

second wiper means for effecting a movable seal with the liner as 
it moves therethrough, said second wiper means having means for seala- 
bly engaging said second plug means therein; and 

said second wiper means having a portion extending through the 
running tool and into the bore thereof to receive said second plug 
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means for movement of said second wiper and plug means together seala- 
bly through the liner. 

24. The apparatus of claim 23 wherein said first and second 
wiper means are secured to the running tool member in substantially 
the same circumf erential position and at substantially the same trans- 
verse position with respect to the running tool member. 

25. The apparatus of claim 23 wherein said first and second 
wiper means are secured to the running tool in substantially the same 
circumferential position and at substantially the same transverse 
position with respect to the running tool member, and wherein said 
first wiper means is further secured to the running tool at additional 
circumf erentially spaced positions and at substantially the same 
transverse positions with respect to the running tool at which said 
second wiper means is secured to the running tool. 

26. The apparatus of claim 23 wherein said second wiper means is 
secured to said running tool member in longitudinally spaced relation 
to the position at which said first wiper means is secured thereto. 

27. The running tool of claim 23 including latch means for 
latching said first plug means with said first wiper means against 
premature separation as said engaged lower plug and wiper means move 
through the liner; and 

means for catching said first wiper means in the liner after it 
is moved therethrough. 

28. The apparatus of claim 10 wherein said hydraulically 
actuated seal means includes: 

first plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

first wiper means for effecting a movable seal with the liner as 
it moves therethrough, said first wiper means having means for 
sealably engaging said lower plug means therein whereby said first 
plug and wiper means may be sealably moved through the liner to close 
off communication between the liner and well bore through the port 
means in the lower liner wiper portion; 

second plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

second wiper means for effecting a movable seal with the liner as 
it moves therethrough, said second wiper means having means for 
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sealably engaging said second plug means therein whereby said second 
plug and wiper means forms a movable seal with the liner behind the 
cement as it is discharged into the well bore; and 

means for releasably securing said first and second wiper means 
5 to said running tool member below the smallest internal diameter of 
said second wiper means, said re leasable means being secured with each 
said first and second wiper means at substantially the same transverse 
position of said running tool member. 

29. The apparatus of claim 10 wherein said hydraulically 
10 actuated seal means includes: 

first plug means for effecting a movable seal with said running 
tool as it moves therethrough; 

first wiper means for effecting a movable seal with the liner as 
it moves therethrough, said first wiper means having means for 
15 sealably engaging said lower plug means therein whereby said first 
plug and wiper means may be sealably moved through the liner to close 
off communication between the liner and well bore through the port 
means in the lower liner wiper portion; 

second plug means for effecting a movable seal with said running 
20 tool as it moves therethrough; 

second wiper means for effecting a movable seal with the liner as 
it moves therethrough, said second wiper means having means for 
sealably engaging said second plug means therein whereby said second 
plug and wiper means forms a movable seal with the liner behind the 
25 cement as it is discharged into the well bore; and 

means for releasably securing said first wiper means adjacent the 
lower end of said running tool member and said second wiper means so 
that the longitudinal bore of said second wiper means originates and 
extends away from adjacent said lower end of said second wiper means. 
30 30. A method of securing and stage cementing a liner in a well 

bore having a casing by a running tool wherein the liner includes 
upper and lower liner portions with port means in the upper and in the 
lower liner portions for communicating with the well bore including 
the steps of: " '**" 

35 releasably locking the upper and lower liner portions together 

against relative longitudinal movement to maintain the port means 
closed in the upper portion; 



29 



releasably connecting the upper liner portion with the running 
tool to inhibit premature relative longitudinal movement and discon- 
nection between the running tool and upper liner; 

positioning retrievable seal means between the running tool and 
5 the upper liner to accommodate axial movement of said running tool 
relative to said retrievable seal means while avoiding communication 
between the inside and outside of the liner throughout the length of 
the liner below said retrievable seal means and above where cement is 
discharged from the liner into the well bore; 
10 securing the lower liner portion in the well bore; 

manipulating the running tool to disconnect the upper liner 
portion from the lower liner portion for relative longitudinal move- 
ment to open the port means in the upper liner portion to the well 
bore for discharge of cement thereinto; 
15 manipulating the running tool to close the port means in the 

upper liner portion and reconnect the upper and lower liner portions 
against relative longitudinal movement; 

manipulating the running tool to secure the liner to the casing; 

and 

20 manipulating the running tool to disconnect from the liner. 

31. The method of claim 30 including the step of maintaining the 
running tool disconnected from the liner. 

32. The method of claim 30 including the step of rotating and/or 
reciprocating the running tool and connected upper liner portion while 

25 discharging cement through the port means in the upper liner portion. 

33. A method of securing and stage cementing a liner in a well 
bore having a casing by a running tool wherein the liner includes 
upoer and lower liner portions with port means in the upper and in the 
lower liner portions for communicating with the well bore including 

30 the steos of: 

releasably locking the upper and lower liner portions together 
against relative longitudinal movement to maintain the port means 
closed in the upper portion; 

releasably connecting the upper liner portion with the running 
3H tool to inhibit premature relative longitudinal movement and 
disconnection between the running tool and upper liner; 
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positioning retrievable seal means between the running tool and 
the upper liner to accommodate axial movement of said running tool 
relative to said retrievable seal means while avoiding communi cation 
between the inside and outside of the liner throughout the length of 
5 the liner below said retrievable seal means and above where cement is 
discharged from the liner into the well bore; 

securing an inflatable packer on the lower liner portion; 

closing off the port means in the lower liner portion and 
securing the lower liner portion in the well bore by inflating the 
10 inflatable packer with fluid in the liner to engage the well bore 
wall; 

manipulating the running tool to disconnect the upper liner 
portion from the lower liner portion for relative longitudinal 
movement to open the port means in the upper liner portion to the well 
115 bore for discharge of cement thereinto; 

manipulating the running tool to close the port means in the 
upper liner portion and reconnect the upper and lower liner portions 
against relative longitudinal movement; 

manipulating the running tool to secure the liner to the casing; 

20 and 

manipulating the running tool to disconnect from the liner. 

34. The method of claim 33 including the step of maintaining the 
running tool disconnected from the liner. 

35. The method of claim 33 including the step of rotating and/or 
25 reciprocating the running tool and upper liner portion while 

discharging cement through the port means in the upper line portion; 

36. A method of securing and stage cementing a liner in a well 
bore having a casing by a running tool wherein the liner includes 
upper and lower liner portions with a port means in the upper and in 

30 the lower liner portions and releasable seal means between the running 

tool and liner including the steps of: 

releasably locking the upper and lower liner portions together 

against relative longitudinal movement to maintain the port means 

closed in the upper liner portion; 
35 releasably connecting the upper liner portion with the running 

tool to inhibit premature relative longitudinal movement and 

disconnection between the running tool and upper liner; 
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positioning retrievable seal means between the running tool and 
the upper liner to accommodate axial movement of said running tool 
relative to said retrievable seal means while avoiding communication 
between the inside and outside of the liner throughout the length of 
the liner below said retrievable seal means and above where cement is 
discharged from the liner into the well bore; 

discharging cement from the liner into the well bore through the 
port means in the lower liner portion; 

releasing the releasable seal means from the liner and moving the 
seal means behind the cement as it is discharged into the well bore 
and to close off the port means in the lower liner portion; 

manipulating the running tool to disconnect the upper liner 
portion from the lower liner portion for relative longitudinal 
movement to open the port means in the upper liner portion to the well 
bore for discharge of cement thereinto; 

manipulating the running tool to close the port means in the 
upper liner portion and reconnect the upper and lower liner portions 
against relative longitudinal movement; 

manipulating the running tool to secure the liner in the casing; 

and 

manipulating the running tool to disconnect from the liner. 

37. The method of claim 36 including the step of maintaining the 
running tool disconnected from the liner. 

38. The method of claim 36 including the step of rotating and/or 
reciprocating the running tool and connected upper and lower liner 
portions while discharging cement through the port means in the lower 
liner portion. 

39. A method of securing and stage cementing a liner in a well 
bore having a casing by a running tool wherein the liner includes 
upper and lower liner portions with a port means in the upper and in 
the lower liner portions and releasable seal means between the running 
tool and liner including the steps of: 

releasably locking the upper and lower liner portions together 
against relative longitudinal movement to maintain the port means 
closed in the upper portion; 
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releasably locking the upper and lower liner portions together 
against relative longitudinal movement to maintain the port means 
closed in the upper liner portion; 

releasably connecting the upper liner portion with the running 
tool to inhibit premature relative longitudinal movement and 
disconnection between the running tool and upper liner; 

positioning retrievable seal means between the running tool and 
the upper liner to accommodate axial movement of said running tool 
relative to said retrievable seal means while avoiding communication 
between the inside and outside of the liner throughout the length of 
the liner below said retrievable seal means and above where cement is 
discharged from the liner into the well bore; 

discharging cement from the liner into the well tore through the 
port means in the lower liner portion; 

releasing the releasable seal means from the liner and moving the 
seal means behind the cement as it is discharged into the well bore 
and to close off the port means in the lower liner portion; 

manipulating the running tool to disconnect the upper liner 
portion from the lower liner portion for relative longitudinal 
movement to open the port means in the upper liner portion to the well 
bore for discharge of cement thereinto; 

reverse circulating from the well bore through the open port 
means to wash out excess cement in the well bore above the open port 
means in the upper liner portion; 

discharging cement from the upper liner portion open port means 
into the well bore; 

manipulating the running tool to close the port means in the 
upper liner portion and reconnect the upper and lower liner portions 
against relative longitudinal movement; 

manipulating the running tool to secure the liner in the casing; 

and 

manipulating the running tool to disconnect from the liner. 

40. The method of claim 39 including the step of rotating and/or 
reciprocating the running tool and connected upper liner portion while 
discharging cement through the port means in the upper liner portion. 

41. -An apparatus for stage cementing a liner in a well bore 
having a casing as substantially hereinbefore described with 
reference to the drawings. 
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